We studied copepod assemblage variability among years, seasons, and tidal states in the Mucuri River estuary (Bahia State, Brazil). Zooplankton samples were collected seasonally through five years (2002)(2003)(2004)(2005)(2006) at three sampling stations, one of which was sampled over a complete tidal cycle (two ebb and two flood tides). Temperature, salinity, river flux, and rainfall data were collected. Winter and summer represented dry and wet seasons, respectively. Copepod abundances ranged from 40 to 63% of the total zooplankton assemblage and comprised 46 taxa, among which, common estuarine species such as Temora turbinata (first record for the studied area), Parvocalanus crassirostris, Acartia lilljeborgi, Oithona hebes were the most abundant (euryhaline species). Interannual and seasonal variations were most marked in stenohaline species, e.g., Notodiaptomus sp. and Thermocyclops minutus; density variations of euryhaline species, which made up the majority of the abundant taxa, were most closely related to tides. Diversity and richness also followed an intertidal pattern of variation.
INTRODUCTION
In aquatic ecosystem food chains, copepods play an essential role as the most important energy transfer link connecting phytoplankton and microzooplankton to larvae and fish juveniles; of particular importance are the ubiquity, high abundances, relatively small sizes, and immediate availability of copepods (Kennish, 1986; Krumme and Liang, 2004) . Furthermore, the dynamic character of copepod assemblages allows rapid responses to chemical and physical changes in the aquatic environment. This observed spatio-temporal variability is related to climatic parameters, e.g., temperature and salinity, to hydrological factors, e.g., stratification and freshwater input, to biotic interaction, e.g., predation and competition, or to a combination of them (Bonecker et al., 1991; Lansac Tôha and Lima, 1993; Perissinotto, 2003) . However, correlation analysis is difficult because of the complexity of multifactor relationships and, often, because of the inappropriate time scales chosen by ecologists studying the processes (David et al., 2005) . Elucidating determinants of zooplankton variability requires the longest time scale possible (Beaugrand et al., 2000) .
Zooplankton variability in estuaries is particularly important because these systems are highly productive components of the coastal environment. Variation in the tidal cycle is likely the main factor influencing the size, dynamics, and composition of estuarine zooplankton assemblages (Lam-Hoai et al., 2006) . Moreover, copepod abundance and assemblage structure vary considerably on a seasonal scale as demonstrated by some authors (AbenAthar and Bonecker, 1996; David et al., 2005) . In addition, recent long-term studies have used plankton as an indicator for tracking and interpreting global climate changes and, therefore, long-time scales are strongly recommended for marine ecosystem studies (Fernández de Puelles et al., 2003) . Copepods, which are characterized by extreme adaptive flexibility in responding to fluctuating environments and a tendency to maintain a stable standing stock even in the presence of variable food sources, have potential as a valuable tool for the study of long-term variability in coastal areas (Christou, 1998) . Identifying the drivers of this variability and tracking changes in species composition is of fundamental importance to detect the local and global changes.
Although the biological investigations in estuaries of the Brazilian coast have generated a certain amount of information on zooplankton species (Dias et al., 2009; Eskinazi-Sant'Anna and Björnberg, 2006; Lopes, 1994; Montú, 1980; Paranaguá et al., 1986) , most of the previous studies have been restricted to assess seasonal or intertidal changes. Furthermore, our knowledge of zooplankton variability in long-term studies is based mainly on examples derived from temperate waters. Hence, studies JOURNAL OF CRUSTACEAN BIOLOGY, 31(2): 260-269, 2011 that focus on description of temporal patterns of long-term in tropical environments need to be encouraged.
The Mucuri River estuary (northeastern Brazilian coast) is characterized by the presence of the ''Barriers Formation'' (dating from the Tertiary), sandstone and coral reefs, and river mouths of water bodies such as the Doce River (Espírito Santo State) and Jequitinhonha (Bahia State). The only plankton studies on the Mucuri River are those of Bonecker (1995) and Aben-Athar and Bonecker (1996) , who showed that the zooplankton assemblage was dominated by copepods, followed by brachyuran larvae.
The objective of the current study is to describe variability in the composition, abundance, and diversity of the tropical Mucuri River estuarine copepod assemblage at three temporal scales (tidal, seasonal, and interannual) and to rank the importance of each source of variability for the assemblage.
MATERIALS AND METHODS

Study Area
The Mucuri River estuary (18u059S, 39u339W) is formed by the confluence of the South Mucuri River and North Mucuri River, with a total drainage area of 15,100km The estuary is located on a Quaternary alluvial plain. Sandy sediment in the river channel is replaced by mud and very thin sand on the convex banks where the flux is weakest. The estuary average depth is 4 m in the main channel, quickly decreasing towards the banks. It has a complex physiography with small islands and intermittent sandy barriers deposited by variations in the wind regime and by the coastal current. The turbidity is closely linked to seasonality of rain and the tidal influence on river influx (Bonecker, 1995) .
The estuary is partially stratified, with circulation driven mainly by the tidal cycle (Bonecker et al., 1998) . Tides are semi-diurnal, with a maximum height of 2.3m during springs, and a minimum of 0.5m during neaps. The estuary is in a transition region between a seashore zone subjected to micro-tides with amplitudes of , 2 m and a meso-tide zone with amplitudes between 2m and 4m (DHN, 2007) .
Sampling Strategy
We collected mesozooplankton in each of 4 seasons between 2002 and 2006, amounting to a total of 20 sampling sessions. On each occasion, samples were collected in three locations: 1) south arm of main river channel (18u06909.50S, 39u33930.40W); 2) north arm of the estuary, outside the main channel and next to Mucuri City (18u05934.30S, 39u33902.40W); and 3) directly in front of the Mucuri River mouth (18u05945.70S, 39u33907.70W) (Fig. 1 ). Samples were taken at stations 1 and 2, and at the most downstream station, 3; sampling was repeated during two flood and ebb tides on the same day, amounting to six samples per session. Samplings were conducted during neap tides of each sampling session. Over 5 yr, 120 samples were collected.
To sample plankton, we used a conical-cylindrical plankton net with a mouth opening of 60 cm (diameter) and a mesh opening of 200 mm; the net was fitted with a mechanical flow meter (General Oceanics 2030R) previously calibrated for calculation of filtered water volume. The tows were sub-superficial and horizontal, with an average duration of 3 min. Immediately following collection the plankton was formalin-fixed in 500 ml polyethylene bottles (5% final formalin concentration, buffered with sodium tetraborate).
At each sampling station, surface and near bottom temperatures (uC) and salinities were measured in situ with a portable Hydrolab multiprobe unit. Mean values for the water column were determined by averaging both temperature and salinity readings. Meteorological (rainfall) and hydrological (river flux) data were obtained from the Suzano Paper and Cellulose Mucuri Plant.
Each sample was sub-sampled in a Folsom Plankton Sample Splitter (McEwen et al., 1957) according to the concentration of the raw zooplankton collection. The copepods were separated, identified, and quantified using a Bogorov chamber, and glass slides under a stereoscopic dissecting microscope (Zeiss STEMI 2000) and a compound microscope (Olympus CX41). The organisms were identified to the lowest taxonomic level possible; we also recorded developmental stage (nauplius, copepodite, or adult). We quantified nauplii, but did not include the abundance estimates in our analysis because a mesh size of 200 mm is not appropriate for sampling this developmental stage (Leandro et al., 2007) .
The abundances of taxa were calculated for each sample as individuals m 23 water filtered. Those taxa comprising .3% of total abundance on all sampling occasions were designated ''dominant taxa.'' We calculated diversity (Shannon-Wiener -H') and species richness (S) for each sample (Zar, 1999) .
Statistical Analysis
Copepod densities (including the different stages of the life cycle), densities of dominant taxa, and the abiotic data were subjected to descriptive statistical analyses. All data were tested for normality, using the Kolmogorov-Smirnov-Liliefors test, and variance homogeneity. Because much of the data was shown to be heterogeneous and/or without a normal distribution, values were log-transformed with the Bray-Curtis formula (Zar, 1999) . After verifying normality, the null hypotheses of no difference among seasons, sampling years and tidal phases (flood and ebb tides) were tested through Model III Analysis of Variance (ANOVA) which analyzed the temporal variations (among years, seasons and tidal phases) in the density of each dominant species, total copepods, and total copepodites. Some transformations did not normalize data distributions. As ANOVAs are very robust to deviation from normality (Zar, 1999) , we proceeded with the analysis. When ANOVA revealed significant density differences among years or seasons, Duncan's a posteriori test was used to determine which particular year and season was significantly different at the 0.05 or 0.1 significance level. Pearson's correlation coefficient was employed to associate dominant taxa and ecological parameters with the abiotic variables (temperature, salinity, rainfall and river flux). For the statistical analysis, the SPSS (Statistical Package for the Social Sciences) program version 12.0 for Windows (SPSS Inc. 1989 -2003 was used.
In order to describe copepod assembly structure, we applied a cluster analysis to the sample-copepod dominant species data using the unweighted pair group method (UPGMA) with distance between samples estimated by Bray-Curtis similarity. This analysis was performed with MVSP (Multivariate Statistical Package) software.
RESULTS
Monthly rainfall rate and the monthly average flow of the Mucuri River during the study period are given in season. Greatest rainfall was in December (330.9 mm), followed by January (272.3 mm), November (270.2 mm) and March (253.4 mm). The higher averages of the monthly flux were registered in January (206.0 m 3 /s), December (217.6 m 3 /s), November (132.7 m 3 /s) and February (113.5 m 3 /s). Conversely, July and August had least rain and September and October had minimum monthly flux, corresponding to the winter and dry period. There were no significant rainfall differences among years (2002) (2003) (2004) (2005) (2006) (P 5 0.727, F 5 0.512, d.f. 5 4, 55), but when the data were partitioned by season, ANOVA detected significant differences (P 5 0.001, F 5 6.729, d.f. 5 3,56). As for rainfall, river flux only differed significantly among seasons of the year (P 5 0.012, F 5 3.966, d.f. 5 3,52). Both parameters (rainfall and river flux) were positively correlated (r 5 0.768; P , 0.001); on every occasion, the flux peaks were related to the preceding rainfall peaks.
Temperature and salinity had slight fluctuation along the sampling period (Fig. 3) . However, there were significant temperature differences among seasons (P , 0.001, F 5 3.283, d.f. 5 3,114), with average values (6SD) of 27.3 6 2.1uC in winter, reaching 29.6 6 0.8uC in summer. Temperature did not vary significantly among tidal phases and among years (P . 0.05, F 5 0.132, d.f. 5 1,116; P . 0.05, F 5 1.783, d.f. 5 1,954). Salinity varied significantly among seasons (P , 0.05, F 5 3.127, d.f. 5 3,113), with average values (6SD) of 20.1 6 10.9 (in summer) and 23.3 6 12.1 (in winter), and also among tidal phases (P , 0.001, F 5 6.831, d.f. 5 1,114), with average values (6SD) of 12.5 6 7.5, at ebb, and 31.6 6 1.9 during flood. Salinity was not significantly different among years (P . 0.05, F 5 1.573, d.f. 5 951).
Copepods made up 54.7% of total zooplankton density in 2002, 56% in 2003, 55.9% in 2004, 48.9% in 2005, and 41.3% in 2006 . In winter, copepods made up 63.1% of total zooplankton density, 54.2% in autumn, 40.6% in spring and 47.2% in summer. During flood tide, copepods summed up 55.8% of total zooplankton density, while they summed up a smaller proportion at ebb tide (46.3%). The copepod assemblage comprised a total of 46 taxa, distributed between 17 families, being 32 identified to species level, and the others were either not identified to the species level or not taxonomically identified (Table 1) . There was prevalence of estuarine and coastal-estuarine species such as Acartia lilljeborgi Giesbrecht, 1889, Paracalanus parvus (Claus, 1863) , and Euterpina acutifrons (Dana, 1847) ; but typical freshwater, e.g., Notodiaptomus sp. and Thermocyclops minutus (Lowndes, 1934) , and oceanic species, e.g., Delius sewelli Björnberg, 1982 , and Corycaeus giesbrechti Dahl, 1894, also occurred. The 15 most-abundant taxa summed up 74.7% of the total abundance. They comprised mainly species that live in estuarine and neritic habitats. Except for Notodiaptomus sp. and T. minutus, the dominant species occurred in every year of the study as well as in all seasons. Taxa exclusive of one or the other year and season showed extremely low abundance; for example, Oithona plumifera Baird, 1843 only represented , 0.1% of the total abundance occurring The effect of the tidal phase was significant for copepodites and total copepod density with the highest densities registered during flood tide (7.73 ind/m 3 for copepodites density and 26.3 ind/m 3 for total copepod density). At ebb tide, average densities were 5.0 ind/m 3 for copepodites and 16.4 ind/m 3 for total copepods. Similar to copepod density, diversity and richness had highly significantly differences between flood and ebb tides (P , 0.05 for H' and P , 0.001 for S). Samples collected at flood tide had higher mean (6SD) values of H' and S (H' 5 2.0 6 0.4 and S 5 14.3 6 4.7) than those collected at ebb tide (H' 5 1.7 6 0.5 and S 5 10.5 6 5.6).
The ANOVA using the abundance of the 15 dominant taxa were done to provide information on the annual, seasonal and tidal variation in abundance (Table 3) . Based on significance, most of the variation in abundance was explained by the main effects and, among those essentially or more frequently by tide phase, in first instance, and seasonality. Of fifteen dominant species, only three varied significantly among years (Oithona hebes Giesbrecht, 1891, Notodiaptomus sp. and T. minutus). Except for Pseudodiaptomus acutus (Dahl, 1894) , C. giesbrechti, Hemicyclops thalassius Vervoort and Ramírez, 1966, Paracalanus sp. and Paracalanus parvus, all dominant species abundances varied significantly among seasons. Pseudodiaptomus sp., Notodiaptomus sp. and T. minutus were the only dominant species without significant density variation in relation to tide. Among the dominant species, only Notodiaptomus sp. and T. minutus were most abundant during ebb tide.
Cluster analysis differentiated two groups (Fig. 5 ). Group A, composed of Notodiaptomus sp. and T. minutus, species with freshwater habitat requirements, presents only after spring 2003 and with increased peaks of abundance in spring 2006. Group B, comprised the other species, and was subdivided in B1 and B2. Subgroup B1, composed of P. (2002) (2003) (2004) (2005) (2006) , seasons (summer, autumn, winter and spring) and tidal phases (ebb and flood) on the density of copepodites and total copepods, richness and diversity. d.f., degrees of freedom; MS, mean squares; F, variance ratio; W, winter; S, summer; A, autumn; Sp, spring; *P , 0.001 and **P , 0.05.
Copepodites
Total copepods Richness Diversity acutus, Pseudodiaptomus sp. and H. thalassius, dependentestuarine species, had highest abundances in spring 2006 (heavy rain period) but with regular peaks of abundance in winter samples. Subgroup B2, which comprised the remaining species, was segregated into smaller groups (lower part of the cluster) by temporal distribution. Temora turbinata (Dana, 1849) and A. lilljeborgi, for instance, grouped together because they reached maximum average densities in winter samples (mainly in 2006) and minima (usually) in spring samples. Correlation analyses of the relationships between biotic and abiotic parameters (Pearson correlation coefficient) demonstrated that salinity and river flux were the most important abiotic parameters (Table 4) . Temperature was correlated negatively with abundances of P. crassirostris Dahl, 1894 (P , 0.05) and H. thalassius (P , 0.001), and positively with abundances of Notodiaptomus sp. and T. minutus (P , 0.05 for both). Salinity was correlated with abundances of ten dominant taxa: T. turbinata, P. parvus, E. acutifrons, Paracalanus quasimodo Bowman, 1971 , and Paracalanus sp. abundances were positively correlated with salinity (P , 0.05), and so was the abundance of P. crassirostris (P , 0.001); Pseudodiaptomus sp., Notodiaptomus sp., P. acutus and T. minutus abundances were negatively correlated with salinity (P , 0.05). Rainfall was related positively to abundances of two dominant species (Notodiaptomus sp. and T. minutus, P , 0.05). River flux was negatively correlated to P. crassirostris, O. hebes, and E. acutifrons abundances (P , 0.001) and to richness (S, P , 0.05). Pseudodiaptomus sp. and Notodiaptomus sp. abundances were positively correlated to river flux (P , 0.05), as was the abundance of T. minutus (P , 0.001). Table 3 . Type III ANOVA for the effects of years (2002) (2003) (2004) (2005) (2006) , seasons (summer, autumn, winter and spring) and tidal phases (ebb and flood) on the density of the dominant copepods in the Mucuri River estuary (Bahia State, Brazil). d.f., degrees of freedom; MS, mean squares; F, variance ratio; W, winter; S, summer; A, autumn; Sp, spring; *P , 0.001 and **P , 0.05. 
DISCUSSION
The distribution of rainfall through the seasons followed expected patterns for a humid tropical climate, viz. rainy summer and dry winter. Aben-Athar and Bonecker (1996) defined the rainy period from November to February, and the dry season from May to October. Increased river flux followed when rainfall was greater in summer and was reduced in winter. Although seasonal pattern of salinity is related to precipitation, the influence of tidal cycle on the dynamics of salinity (the major abiotic parameter in tropical estuaries) was larger than the influence of hydrological factors. The distribution of salinity values followed the circulation pattern in the estuary, which is essentially governed by tidal action. Conversely, the pattern of temperature variations is strongly related to precipitation as observed by Lopes et al. (1998) The Mucuri River estuary is subject to tidal influence that allows incursion of coastal waters to an extent determined by tidal amplitude and by water level in the river (which has a direct relationship with river flux). Through the combination of effects, water levels in the river significantly lower during the winter represent a higher saline intrusion and an elevated volume of salt water constituting the tidal prism. The penetration of the saline wedge on these occasions can extend landward up to 15 km from the mouth of the river (Bonecker, 1995) . The estuary then tends to have reduced stratification and the mixing effects of tidal advective movement are elevated.
In the Mucuri River estuary, copepods summed up a large proportion of total zooplankton density as already stated for this estuarine system in previous study (Bonecker, 1995) . This taxonomic group comprised 40 to 63% of total zooplankton, a typical contribution for marine coastal areas all over the world, especially for marine and brackish portion of estuaries (David et al., 2005; Kibirige and Perissinotto, 2003; Lansac-Tôha and Lima, 1993; Leandro et al., 2007; Lopes, 1994; Madhu et al., 2007) . Collectively, these studies demonstrate that calanoid copepods constitute the most abundant holoplanktonic taxa in coastal and estuarine areas worldwide.
The proportion of copepods among zooplankters varied in relation to season and water regime, with significant increases during winters and periods of flood tide. The decrease in copepod abundance during summer period may be related to elevated proportions of larger meroplankton (mainly decapod larvae), which increase in abundance following adult reproduction strategy. Furthermore, pelagic filter feeders and predators, such as gelatinous zooplankton and chaetognath, also were most evident in samples Table 4 . Pearson's correlation coefficient relating the abiotic measurements (temperature, salinity, rainfall and river flux) to densities of the dominant copepods, diversity and richness. (*P , 0.001 e **P , 0.05). collected during summer months, which have been reported to have a significant impact on the zooplankton community (Azeiteiro et al., 1999) . In these months, the higher temperature induces higher ingestion rates as observed by Kremer (2008) and the observed variation in density may be associated with a possible control of copepod density by predator pressure. The higher contribution of the copepods during flood tide leads us to infer that the estuary receives significant influxes of copepods from the adjacent coastal areas taking advantage of the currents during flood tide and environmental conditions promoted by the salinity gradient. The structure of the copepod assemblage not contrasts with that of other Southwestern Atlantic tropical estuaries and most of the dominant taxa in our study are conspicuous zooplankton elements in estuaries and coastal areas of Brazil (Krumme and Liang, 2004; Lansac Tôha and Lima, 1993; Lira et al., 1996; Lopes, 1994; Paranaguá et al., 1986; Sterza and Loureiro Fernandes, 2006) . Copepods belonging to Paracalanidae, Acartiidae, Oithonidae, and Temoridae occur widely at high densities in tropical and temperate environments, and most of them are considered key species in estuarine and coastal ecosystems (Christou, 1998; Islam et al., 2006; Lam-Hoai et al., 2006; Madhu et al., 2007; Vieira et al., 2003) . The wide spatial distribution of many Copepoda is chiefly the result of the fact that for pelagic plankton, circum-global distribution patterns are more common than endemism (Boltovskoy et al., 2002) .
The most abundant species found in the present study are apparently characteristic of the marine-estuarine conditions, except for Notodiaptomus sp. and T. minutus, which are limnetics. Across the range of estuarine conditions in which we sampled, T. turbinata, P. crassirostris, and A. lilljeborgi were the most abundant species in the marineestuarine area, and were absent or with reduced density when oligohaline conditions were established. In the study of the Bonecker (1995) , P. quasimodo was the most abundant species in the area with greatest ocean influence, being considered a marine euryhaline species. However, in this present study, T. turbinata became the main dominant species found under salinity condition similar to those in which P. quasimodo was abundant.
In general, the copepod assemblage abundance in the study area was very high. Copepod species are important components of planktonic communities in high chlorophyll environments such as tropical estuaries. Although the abundances of copepodites are an important component of zooplankton annual production in estuaries due to the higher abundances of larval stages in estuarine and neritic plankton (Vieira et al., 2003) , these values never exceeded adult abundances in the Mucuri River estuary. The estimate of copepodite densities in this study should be viewed with caution because 200 mm mesh nets used may have underestimated abundances of developmental stages and diminutive species.
The Mucuri River estuary zooplankton is highly diverse (high H' and S). Vieira et al. (2003) estimated H' values between 0.7 and 1.2 in the Mondego River estuary (Portugal). Sterza and Loureiro Fernandes (2006) found average H' values between 1.3 and 1.8, and a total of 49 taxa in the Vitória Bay estuarine system (Espírito Santo State, Brazil). Hoffmeyer (2004) found 16 taxa in the Blanca Bay area in Argentina. Lansac-Tôha and Lima (1993) measured abundance values of related species (S 5 48) in a study of the Una do Prelado River estuary (São Paulo State, Brazil). Overall, the results of these works corroborate a global pattern of species diversity in which the tropics are centers of biodiversity. Despite the fact that estuaries are not considered physically stable environments, a mixture of the river and coastal copepod assemblages was observed, contributing for the increase of the diversity.
The semidiurnal tidal cycle was the most important periodic oscillation associated with copepod abundance, diversity and species richness. It explained much of the variance across time but the structure of the zooplankton community along an estuary depends also on the neapspring tidal cycle (Kennish, 1986) , not taken into account in the sampling strategy in the present study. Euryhaline species abundance estimates in our study were largely unrelated to year or season, corroborating the conclusions of David et al. (2005) and Islam et al. (2006) , respectively. Most of the dominant species we found were euryhaline and their major abundance fluctuations followed an intertidal pattern of variation than annual or seasonal variability.
Conversely, for the stenohaline species, such as Notodiaptomus sp and T. minutes, seasonal and interannual cycles were more important, with great variability across seasons and years. The same pattern were found in studies performed by David et al. (2005) and Islam et al. (2006) , which noted the most important interannual and seasonal variations were registered for Eurytemora affinis, a calanoid with limited tolerance to high salinity, with abundance varying greatly under the direct influence of salinity.
The salinity-dependent structure evidenced in the Mucuri River estuary is in accordance with other studies (Azeiteiro et al., 1999; Lam-Hoai et al., 2006; Vieira et al., 2003) . The effect of salinity to determine copepods' distribution and abundance was evident. High river discharge reducing salinity can affect the copepod community, especially Euterpina acutifrons, Oithona hebes, and Parvocalanus crassirostris. It is well known that diffusive and advective properties of freshwater discharge play a critical role in population distribution patterns and richness (Kimmel et al., 2006) . The largest fluxes to causing salinity reductions are responsible for high turbidity in the water, which affects copepod survival by influencing feeding and fecundity (David et al., 2005) . It was suggested that the estuarine and marine populations may have been drifted away during the higher freshwater flow.
Two dominant copepods (Pseudodiaptomus sp. and P. acutus) are typically estuarine and their abundances were negatively correlated with salinity. These copepods usually occur in the upper reaches of estuaries, as reported by Lopes (1994) at the Guaraú River estuary (São Paulo State, Brazil). According to this author, they have mechanisms to reduce out-flushing to the sea; they are concentrated close to the bottom, avoiding seaward-directed surface currents at ebb tide, thus maintaining populations close to the zone of maximum turbidity (upper reaches of the estuary). As pointed out by Bonecker (1995) , these species are readily collected at stations in the Mucuri River estuary where salinity is reduced, increasing in abundance close to the mouth with displacement of the oligohaline or mesohaline zones. They are occasionally able to leave the estuary with ebb tides.
Our distribution analysis of the temporal variation in copepod assemblage detected the overall seasonal patterns (evidenced by cluster and ANOVA analysis). T. turbinata and A. lilljeborgi, having the similar basic requirements, share the same time (with peak abundance in winter). However, in phylogenetically-related taxa, such as P. parvus and P. quasimodo that having the same basic requirements, showed low niche overlap at the time. The occurrences of Notodiaptomus sp. and T. minutus in welldefined time periods between 2003 and 2006 can be also associated with migration from the oligohaline zone to the part of the estuary closest to the mouth. This pattern with great fluctuation in their densities, e.g., absent in 2002 with consecutively higher densities until the maximum in 2006, can be attributed to the freshwater input alteration due to anthropogenic impacts in the watershed along the last halfcentury. Among the others are changes in watershed landuse, filling and industrial and urban sewage inputs.
It can be concluded that the study area is characterized by high diversity and high numerical abundance. This is among the most sampled estuarine habitats off Brazil, considering the 5-yr time series data set. Interannual and seasonal variations were most marked in stenohaline species (Notodiaptomus sp. and Thermocyclops minutus); density variations of euryhaline species (which made up the majority of abundant taxa) were most closely related to tides. When tropical estuaries are ruled by tides, incursion of the near-shore populations results in strong interaction between estuarine and marine-euryhaline communities. This long term study allowed better analysis of temporal dynamics of copepod assemblage showing that this taxonomic group appears to have potential as important tool to monitoring estuarine biodiversity.
